The Rochester Epidemiology Project (REP) medical records-linkage system was established in 1966 to capture health care information for the entire population of Olmsted County, MN, USA. The REP includes a dynamic cohort of 502 820 unique individuals who resided in Olmsted County at some point between 1966 and 2010, and received health care for any reason at a health care provider within the system. The data available electronically (electronic REP indexes) include demographic characteristics, medical diagnostic codes, surgical procedure codes and death information (including causes of death). In addition, for each resident, the system keeps a complete list of all paper records, electronic records and scanned documents that are available in full text for in-depth review and abstraction. The REP serves as the research infrastructure for studies of virtually all diseases that come to medical attention, and has supported over 2000 peer-reviewed publications since 1966. The system covers residents of all ages and both sexes, regardless of socio-economic status, ethnicity or insurance status. For further information regarding the use of the REP for a specific study, please visit our website at www.rochesterproject.org or contact us at info@rochesterproject.org. Our website also provides access to an introductory video in English and Spanish.
available elsewhere. 1 The REP records-linkage system provides the infrastructure to study specific diseases and health outcomes that come to medical attention in the Olmsted County population across all age groups and in both men and women. Common uses of the REP are incidence and prevalence studies, casecontrol studies, cohort studies, cost or cost-effectiveness studies and natural history or outcomes studies.
Data resource area and population coverage
The REP currently includes a dynamic cohort of 502 820 unique individuals who contributed a total of 6 239 353 person-years of follow-up. These individuals were residents of Olmsted County at some time between 1 January 1966 and 31 December 2010 and received health care from a participating care provider during the same period. More than 50 health care providers have participated in the REP since 1966 including local private practitioners, state hospitals and a tuberculosis sanitarium. When these practices closed over the years, they donated their medical records to the REP. The REP has scanned and indexed these records, and they are available for research studies. Medical diagnoses and surgical procedures have been coded and stored electronically to facilitate the identification of participants for studies. The current care providers participating in the REP are the Mayo Clinic and its two affiliated hospitals (St Marys and Rochester Methodist), the Olmsted Medical Center, its branch offices and its affiliated hospital (Olmsted Medical Center Hospital), and the Rochester Family Medicine Clinic (a private medical care practice in Olmsted County). Dental clinics are now being incorporated into the system. 1 Data collection is ongoing, and new participants and medical records are added to the REP infrastructure either quarterly or twice a year. We have previously shown that the linkage of information from these health care providers captures virtually the entire Olmsted County population. Indeed, REP estimates of the Olmsted County population are 2-4% higher than those reported by the US Decennial Census.
2 Table 1 shows the age and sex distribution of the Olmsted County population based on the REP estimates for 1966 and at 10-year intervals from 1970 to 2010. Other characteristics of this population (e.g. ethnic group and education) have been reported elsewhere. 3 In 1996, the State of Minnesota introduced a law to protect the confidentiality of medical record information (Minnesota state privacy law-Statute 144.335; amended in 1997). This law requires all Minnesota health care providers to make two attempts (at least 60 days apart) to obtain written permission from each patient seen after 1 January 1997 before medical records can be used for research. If a patient does not respond to either contact, authorization is implied, and the record may be used for research. Additionally, authorization is implied for patients who only received care before 1 January 1997. The authorization does not expire, but can be revoked upon patient request. Parents or guardians are asked to authorize use of medical records for children <18 years of age. Once children turn 18 years old, they must sign their own authorization. All health care providers who participate in the REP have established procedures to comply with this law.
1,2 Table 2 shows the age and sex distribution of the Olmsted County residents who have agreed to allow their medical record information to be used for research. Because research authorization is specific to a health care provider, participants can agree to participate at some providers, but refuse at others. Of the 1 January 2000 residents, 85% agreed to participate at all providers and an additional 13% agreed to participate for at least one provider. Only 2% refused to participate at all providers (in total, 98%). Rates were similar for the 2010 population, with overall participation for at least one provider of 98%. Thus, the REP captures health care information on virtually the entire Olmsted County population.
Frequency of follow-up
Follow-up of patients is done at the discretion of patients and their health care providers as part of routine care. Each time an Olmsted County resident visits a REP health care provider, the information from that clinical visit is automatically integrated into the REP research infrastructure. To describe follow-up patterns by age and sex, we defined a cohort of 127 203 participants who resided in Olmsted County on 1 January 2000. The baseline for each participant was the visit closest to 1 January 2000. We then followed the cohort to determine the percentage of participants who had returned for a health care visit within 1, 2 and 3 years after baseline. Overall, 80% of Olmsted County residents were seen at least once within 1 year and 93% within 3 years ( Figure 1 ). More than 90% of infants (0-2 years of age) and 490% of older adults (570 years) returned for a visit within 1 year (Figure 1 ). Women returned sooner (more frequently) than men, and 485% of women at all ages returned within 3 years. Men in the 19-25-year age range were the least likely to return for a health care visit at a participating provider; only 80% were seen at least once within 3 years. In summary, the vast majority of the population had at least one follow-up visit within 3 years.
Attrition from the REP occurs when individuals either die or move out of the county and no longer receive their health care at one of the participating REP providers. Attrition through migration out of Olmsted County is tracked via address data obtained at the time of contact with a health care provider. We used the cohort of participants who resided in Olmsted County on 1 January 2000 to investigate the attrition rates (lost to follow-up) through 31 December 2010. Figure 2 shows the age-specific percentage of participants who were followed completely through death or through 31 December 2010 (panel A), of participants who were lost to follow-up after at least one return visit (panel B) and of participants who were never seen after the baseline visit (panel C). Attrition rates were highest for residents 15-29 years of age at baseline and lowest in persons 565 years of age. Overall, 63% of the participants who lived in Olmsted County on 1 January 2000 were alive and still resided in Olmsted County 11 years later, 8% had moved outside of Olmsted County but were still alive and routinely receiving medical care at one of the participating REP providers, and 6% were followed completely through the time of death (complete 11-year follow-up for 77% of participants). Over the 11 years of follow-up, 18% returned for at least one visit after baseline but were eventually lost to follow-up, and 0.2% did not return for a visit but were known to be deceased via state or national sources of information. Only 4% of participants were never seen again after the baseline visit.
Some participants who reside in Olmsted County may eventually move away but continue to receive medical care at one of the REP participating providers; this information remains part of the REP. Inclusion in a specific REP study is often based on disease or exposure status and on Olmsted County residency on a particular index date. Medical information from REP health care providers is often available for many years both before and after that index date, Unfortunately, participants who move out of the region and do not return for care are lost to follow-up. If these participants are systematically different from those who are followed, some follow-up bias may be introduced. 4 
Measures
Electronic data All health care providers participating in the REP contribute electronic demographic information (name, sex, date of birth, address), a care provider-specific identification number (e.g. a Mayo Clinic patient number) and diagnostic codes for medical conditions and surgical procedures. Data are obtained either quarterly or twice a year from all providers. After the diagnostic and surgical codes have been properly linked to the corresponding participants, they are stored in electronic REP indexes. We emphasize that the linkage occurs both within and across institutions. 1, 2 Medical diagnosis data have been coded using three different coding systems, depending on the site from which the data were received and depending on the year of the diagnosis, including the 'Berkson Coding Owing to the complex nature of data retrieval and the many coding systems used in the indexes over time, the REP employs medical index retrieval specialists specifically trained to identify the proper codes and to obtain the lists of relevant participants. It is also possible to use the REP indexes to identify referent participants for cohort studies or control participants for case-control studies.
The REP also captures electronic death information through multiple sources. Dates of death are routinely tracked and documented through each health care provider, and are obtained at the same time as the diagnosis and procedure updates. We also receive electronic Minnesota State Death Certificates and match these certificates to all individuals in the REP database on a quarterly basis. Therefore, cause of death information is available if the individual died within the State of Minnesota. Additionally, we supplement these data with information obtained biennially from the National Death Index for Olmsted County residents who migrate out of the county and die outside Minnesota. As we previously reported, death rates in the Olmsted County population are similar to death rates in Minnesota and the rest of the United States. 3 We also capture electronic data for residents who undergo an autopsy in Olmsted County. Autopsy rates in Olmsted County have typically been higher than in the rest of Minnesota.
7 Figure 3A shows average age-and sex-specific autopsy rates for the years 1966-2010 combined. Autopsy rates were highest in the younger population, particularly young men, but declined with increasing age. Figure 3B Percentage of participants who were followed completely through death or through 31 December 2010 (censored alive at end of follow-up; (A) percentage of participants who were lost to follow-up after at least one return visit (partially followed; (B) percentage of participants who never returned to one of the health care providers participating in the REP after the baseline visit; (C) no follow-up age-adjusted autopsy rates over almost half a century for men and women separately. In all time periods, the autopsy rates were higher in men, and declined equally in men and women over time.
Medical record data
Following approval from the Institutional Review Boards of the Mayo Clinic and the Olmsted Medical Center, the REP also provides access to the full text of medical records for the participants who have been identified (if they have provided research authorization). Because the residents of Olmsted County frequently obtain their care from multiple health care providers, the REP matches these multiple medical records to individual residents. 2 A listing of all medical records matched to an individual patient can be accessed through a web-based application called the 'REP Browser'. Figure 4 shows an example of a search for 'La Tester' (artificial patient name). Following entry of this name into the REP Browser (circled portion of Figure 4) , information was returned on all records belonging to Lars Tester. In this example, Lars Tester has three medical records available as part of the REP from multiple health care sites (rectangular box of Figure 4) . Two of these records are available under the name 'Lars Tester', whereas one is available under the name 'L B Tester'. The extensive matching processes conducted by the REP staff, 2 combined with the easy retrieval of all information available for an individual through the REP Browser, make it possible for investigators to determine which medical records exist for an individual participant. These records can then be retrieved and reviewed to obtain patient information that is not available electronically from the indexes (e.g. detailed symptoms or functional outcomes). Some participants only have paper medical records, some only have electronic medical records and many have a combination of paper and electronic records, all of which are available for review.
Data resource use: key findings and publications
The REP has supported 42000 publications across a wide range of diseases. A complete listing of REP publications is available on the REP website: http://www.rochesterproject.org. The 10 most cited publications resulting from studies supported by the REP are listed in Table 3 . [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] As expected, the number of citations also reflects the time since publication.
Studies of prevalence and of secular trends in incidence are hallmarks of the REP, and these types of studies are among the most cited REP publications. For example, the REP has made it possible to study changes in the incidence of conditions as diverse as deep vein thrombosis and pulmonary embolism, 9 epilepsy 11 and esophageal adenocarcinoma 14 (Table 3) . Additionally, the Olmsted County population is stable, and it is possible to follow patients with a variety of conditions over decades to characterize long-term outcomes. For example, Owan et al.
13
described long-term outcomes of heart failure among patients with preserved ejection fraction, whereas Senni et al. 15 described survival rates in congestive heart failure patients.
The REP also serves as an ideal population-based sampling frame to study conditions that may not come to medical attention, or to obtain data that may not be routinely collected as part of clinical care. For example, not all patients with gastroesophageal reflux will seek clinical care, particularly if Age at death, years the symptoms are mild. Studies that attempt to describe this condition may be biased if they only focus on patients who come to medical attention, because less severe cases will not be identified. To address this problem, Locke et al. 8 used the REP as a sampling frame to contact a random sample of Olmsted County residents. Study participants completed standard questionnaires, and the results were used to describe the prevalence and to characterize the symptoms of gastroesophageal reflux in the community. Similarly, before the initiation of widespread screening for prostate cancer, Oesterling et al. 12 collected blood specimens and measured prostatespecific antigen levels in a random sample of healthy men residing in Olmsted County. The age-specific reference ranges obtained from this study are still used for screening men for prostate cancer at many health care institutions.
Finally, the REP is an ideal resource for identifying population-based controls or unexposed cohorts, making it possible to conduct unbiased studies of risk factors. An example of this type of study was performed by Heit et al., 16 who used the REP infrastructure to describe risk factors for venous thromboembolism. This study was the first to show that hospital, nursing home or other long-term care confinement was an important risk factor for venous thromboembolism.
Strengths and weaknesses
The primary strength of the REP is the ability to capture information on the health care of all residents of Olmsted County regardless of age, sex, ethnicity, socio-economic status, insurance status or setting of care delivery. The REP allows investigators to conduct population-based research on a wide range of diseases and conditions, to follow patients from primary to tertiary care, without regard to insurance, and to access the full text of medical records. Therefore, patients can be followed across the full spectrum of disease, from symptoms through final diagnosis, without relying only on administrative data. Finally, the population is relatively stable, so the duration of medical record information available to investigators is substantial ( Figure 2 ). 2 There are some limitations. The size of the Olmsted County population limits studies of rare conditions (e.g. pancreatic or ovarian cancer). Additionally, it is difficult to study diseases or exposures that do not come to medical attention or are not routinely documented in the medical record (e.g. mild cognitive impairment, gastroesophageal reflux or other preclinical stages of disease). However, medical record information for a specific study may be supplemented by collecting further data through mail, telephone or in-person interviews. 8, 19, 20 Olmsted County residents Figure 4 A screen shot of the REP Browser is provided as an example of the layout of information for a given subject in the system. The data shown are artificial data and do not refer to real persons. Only the three records shown within the rectangular box were recognized as linked to the test subject. OMC, Olmsted Medical Center; BAN, Rochester Family Medicine Clinic (Dr Banfield); MC, Mayo Clinic may also be invited to a physical examination, to contribute biospecimens or to undergo imaging or laboratory tests for specific research studies. 12, 21, 22 Finally, the ethnic and socio-economic characteristics of the Olmsted County population are similar to other populations in the upper Midwest region of the United States but are different from the characteristics of other populations. 3 In particular, some racial and ethnic groups are under-represented. For this reason, results from studies in this population must be considered on a case-by-case basis when attempting to generalize to other populations. 3 
Data resource access
Details regarding access to REP data for research are available on our website at: www.rochesterproject.org. Inquiries regarding use of the REP for specific research studies are welcomed. For further information, please contact us at info@rochesterproject.org. Our website also provides access to a video in English or in Spanish that can serve as a brief introduction to REP resources.
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